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HOG MANURE TREATMENT SY STEjyi 

FIELD OF THE INVENTION 

The present invention relates generally to the field of waste 
treatment. More specifically, the present invention relates to a system and a 
method for treating manure. 



BACKGROUND OF THE INVENTION 

According to municipalities, government agencies, environmentalists 
and the public in general, odour and potential pollution sources emanating from 
livestock, for example, hog, dairy, feedlot and chicken, facilities are the main 
issues that the livestock industry needs to address in order to sustain its 
development. The most intense source of odour from livestock facilities occurs 
during manure handling and land application. 

US Patent 1,915,240 teaches a sewage purification method which 
comprises mixing lime and ferric chloride with raw sewage, which deodorizes the 
waste and causes floe formation. The floe is then oxidized and sterilized before 
being allowed to settle for subsequent removal and dewatering. 

US Patents 3,619,420 and 3,640,820 teach a sewage treatment 
process wherein treated sludge is converted to an active substance by heat 
treatment and retumed to the sewage treatment tank, thereby improving the 
operational efficiency of the method. 

US Patent 4,309,291 teaches a method of continuous flow 
flocculation and clarification wherein waste water is fiocculated by subjecting the 
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mixture to continuous, turbulent flow to and from a settling tank. Clarified effluent 
and settled flocculant are continuously discharged from the settling tank. 

US Patent 4,111.800 teaches a process for treating municipal solid 
waste and raw sewage sludge wherein municipal waste is mixed with cellulose- 
containing solid waste. 

US Patent 4,180,459 teaches a process of making agricultural 
products from organic sewage sludge comprising treating sewage sludge with 
FeCb and CaO from various sources, preferably from sugar refining for 
flocculation. it is of note that the sewage sludge is characterized as "acidic 
conditioned sludge" having a pH of between 3.0-5.7. 

US Patent 4.209,393 teaches using coal as a sewage sludge additive 
rather than activated cartson. 

US Patent 4,212,732 teaches a raw liquid waste treatment process 
wherein ash and activated carbon are added to raw sewage to promote settling of 
flocculant. 

US Patent 4.670.158 teaches a method of wastewater treatment 
whereiri lime and phosphoric acid are added to Wastewater to promote flocculation. 
In this method, the pH of the wastewater is adjusted to be within 7.0-10.0, 
preferably 8.5-9.0 with phosphoric acid. 

US Patent 5,698,110 teaches a deodorizing composition for treating 
animal waste comprising a mixture of lime and cellulose so that the waste can 
subsequently be used as fertilizer. 

US Patent 5,897,785 teaches a process for treating animal waste 
wherein waste is diluted with water and exposed to radiation to eliminate 
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pathogens. High charge, cationic polymers are then added to the waste such that 
polymerized solids are formed which are then separated from the waste. 

US Patent 5,958,758 teaches a process for treating animal waste 
wherein sulfide-utilizing bacteria are added to the waste followed by the addition of 
organic digesting bacteria and lytic enzymes. 

US Patent 6,033,570 teaches a process for the treatment of liquid 
hog manure in which cellulosic material is added to promote removal of solids from 
the liquid. 

US Patents 6,039,875 and 6,214,230 teach the use of bacterially- 
generated polymers as coagulants for the removal of suspended solids from 
wastewater. 

SUMMARY OF THE INVENTION 

According to a first aspect of the invention, there is provided a 
method of treating manure comprising: 

a) mixing a quantity of manure with lime such that said mixture 
has a basic pH; 

b) adding a first coagulating polymer to said mixture, thereby 
promoting fioc formation witiiin said mixture; 

c) separating the floe from the mixture, thereby forming solids 
and a liquid portion; 

d) adding a second coagulating polymer and/or a struvite- 
promoting compound to said liquid portion, thereby forming solids and clear liquid; 
and 
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e) separating the clear liquid from the solids. 

According to a second aspect of the Invention, there is provided the 
use of SUPERFLOC as a coagulant in manure treatment. 

According to a third aspect of the invention, there is provided a 
composition for promoting struvite formation comprising a struvite promoting 
compound and a coagulating polymer. 

According to a fourth aspect of the invention, there is provided a 
method of promoting struvite formation comprising: 

providing a quantity of liquid containing dissolved phosphorous; 

adding a struvite promoting compound and a coagulating polymer to 
said liquid, thereby forming a mixture; 

mixing said mixture, thereby promoting struvite formation; 

allowing said mixture to stand, thereby separating said mixture into 
struvite and dear liquid; and 

separating the struvite and the clear liquid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 shows a schematic drawing of the method. 

FIGURE 2 shows a schematic drawing of an alternate embodiment of 

the method. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Unless defined otherwise, all technical and scientific terms used 
herein have the same meaning as commonly understood by one of ordinary skill in 
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the art to which the invention belongs. Although any methods and materials similar 
or equivalent to those described herein can be used in the practice or testing of the 
present invention, ttie preferred metiiods and materials are now described. All 
publications mentioned hereunder are incorporated herein by reference. 

Described herein is a method or process of treating manure 

comprising: 

a) mixing a quantity of manure with lime such that said mixture 
has a basic pH; 

b) adding a first coagulant to said mixture, thereby promoting floe 
formation within said mixture; 

c) separating the floe from the mixture, thereby forming solids 
and a liquid portion; 

d) adding a second coagulant and a struvite-promoting 
compound to said liquid portion, thereby fomning solids and clear liquid; and 

e) separating the clear liquid firom the solids. 

The invention relates to a method of and a process for treating 
manure such that odour from the manure is significantiy reduced or eliminated and 
producing therefrom recyclable water, value-added biosolids and ammonia. 
Specifically, the manure is combined with lime, resulting in a mixture having a 
basic pH. The basic conditions cause gases, for example, ammonia to be evolved 
from the manure, so the mixture is mixed under negative pressure and the gases 
are drawn off and recovered, as described below As a result of this treatment, the 
manure is deodorized and sterilized as pathogens are unable to survive at the high 
pH. A coagulating agent Is then added which further promotes floe fbmiation within 
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the manure. Following further mixing, the floes are separated from the liquid 
portion. A struvite-promoting chemical and a coagulant are then added to the liquid 
portion which causes further floe formation, and the floes are again separated from 
the now substantially clear liquid. It is of note that as a result of this process, the 
solids are highly hydrophobic and dry very quickly. It is of further note that solids 
isolated from either step can be combined and used, for example, as fertilizer, as 
discussed below. The clear liquid can be used, for example, for barn washing or 
for horticultural watering. 

The invention will now be described in detail by examples, although 
the invention is not limited to the examples. 

In the exemplary examples, the manure Is hog manure. However, as 
will be appreciated by one knowledgeable in the art, other types of manure, for 
example, manure from dairy or feedlot animals or chickens as well as, for example, 
septage from sewage holding tanks or effluent from rendering (abattoir) plants, 
may also be used in the invention. 

Referring to Figure 1, manure from a barn 10 is collected, for 
example. In a manure pit 12 beneath the barn 10 and is transfenred to a holding 
tank 14. Lime, for example, hydrated lime or unhydrated lime (Ca(OH)2) is added 
to the manure and the manure is mixed vigorously (for example, 100 rpm) for 
several hours, in some embodiments, 10-12 hours, although other suitable time 
periods may be used according to the conditions of the manure and desired 
results. In some embodiments, lime is added at dosing rates ranging from less 
than 5 g/l to about 20 g/l. As a result of the addition of the lime, the pH in the 
manure is raised to above 11.0, more preferably to above 11.5 and yet more 
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preferably to1 2.0-1 2.5. This in turn causes small floes to develop vynthin the 
manure and also volatilizes gases, for example, ammonia within the manure. It Is 
of note that some of the other dissolved gases, for example, skatoles and 
mercaptans, may also be volatilized In smaller quantities. In some embodiments, 
the holding tank 14 is kept under negative pressure and evolved gases are 
removed from the holding tank 14. Specifically, the gases are removed via pipes 
15 and then bubbled through low pH water 16. As will be apparent to one 
knowledgeable in the art, the ammonia readily dissolves into the water and is 
thereby recovered. 

It is of note that in some embodiments, NaOH or other suitable 
chemicals may be added first to raise the pH followed by the addition of Ca(OH)2 
to generate floes. 

Thus, addition of the lime at a high pH both deodorizes and sterilizes 
the manure, as pathogens are unable to survive at the high pH. Furthermore, as 
discussed above, the addition of the lime results In some floc formation. 

The manure mixture is then transferred to a first reaction tank 18 
wherein the mixing speed is reduced to less than 20 rpm and a first coagulating 
agent is added. In one embodiment, the first coagulatinjg agent is a flocculating or 
coagulating polymer known In the art, of anionic, cationic or non-ionic type, or a 
combination of such polymers and polyacrylamides. These coagulating and 
flocculating agents known in the art are cun-ently used in the flocculation of 
sewage and other Industrial and agricultural effluents. Many of these agents are 
polymers and/or inorganic chemicals. As will be appreciated by one 
knowledgeable in the art, examples of coagulating polymers include but are by no 
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means limited to. for example SUPERFLOC, manufactured by CYTEC, alum, 
WEB-3 or WEB1600. It is of note that other suitable coagulants may also be used. 
The polymer may be added in a gentle stream, as shown at 20 in Figures 1 and 2. 
As will be apparent to one knowledgeable in the art, SUPERFLOC is viscous and 
addition thereof must be controlled for optimal results. However, other suitable 
means known in the art of adding the coagulating agent so that good mixing within 
the manure mixture is obtained may also be used. As will be appreciated by one 
knowledgeable in the art, SUPERFLOC dosage is determined by the chemical 
characteristics of the manure to be treated. In some embodiments, the dosing 
rates can vary from 2 ml per litre to more than 10 ml per litre. SUPERFLOC is a 
solution of SUPERFLOC powder in water. It is preferably a 0.25% to 1% solution 
of SUPERFLOC powder in water. Producing a solution of higher concentration 
may be limited by the high viscosity of the resulting product. 

The manure Is mixed at the low mixing speed until large floes 
develop and the manure slurry increases in viscosity, in some embodiments, for 
10-15 minutes. Specifically, the slurry is mixed until floes become stable and a 
layer of clear liquid begins to form at the top. At this point, the slunry is allowed to 
settle into solids and a liquid portion. In some embodiments, the slurry may be 
transfenred to a settling tank 19, as shown in Figure 1 . 

As can be seen in Figures 1 and 2, settleable solids may be removed 
from the bottom of the reaction and settling tanks, as discussed below. 

The slurry is then passed through a screening device to separate the 
solids from the liquid portion. Specifically, the solids are removed and/or separated 
in a mechanical/settling process and the liquid is decanted to the second reaction 
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tank 20. The liquid portion resulting finom this stage of treatment is turbid but mostly 
devoid of any settleable solids fraction and is passed to the second reaction tank. 

The liquid portion In the second reaction tank 20 is mixed with a 
struvite-promoting compound, for example, MgCIa, MgS04, MgCOa or magnesium 
oxide or a coagulant polymer as described above, or combinations thereof. In one 
embodiment, MgCb, either as a hydrate (MgCl2:6 H2O) or in the anhydrous form is 
added. At this stage, a second coagulant is also added. In some embodiments, the 
second coagulant is SUPERFLOC, which is again added In a gentle stream, as 
discussed above. It is of note that in addition to or in place of SUPERFLOC, other 
coagulants may also be used. These include coagulant and flocculant agents 
known in the art and cun-ently used in the flocculation of sewage and other 
industrial and agricultural effluents. Many of these agents are polymers and/or 
inorganic chemicals. When MgCb, in some embodiments, at 1 g per litre to 10 g 
per litre depending upon the chemical characteristics of the manure, and 
SUPERFLOC, In some embodiments, at less than 2 ml per litre to more than 10 ml 
per litre depending upon the chemical characteristics of the manure, are added to 
this liquid with continuous mixing, large floes begin to fomn due to the formation of 
struvite, a magnesium-phosphorous compound, which Is highly insoluble in water. 
Thus, this combination of coagulant and struvite-promoting compound has the 
surprising effect of promoting floe fomiation to a great extent so that the floes begin 
to get denser and precipitate to the bottom. After standing, the liquid portion is 
again passed through a screening device to separate the settled solids from the 
liquid portion. Specifically, the solids are removed and/or separated In a 
mechanical/settling process and the liquid is decanted to the next tank. It is of 
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note that a clear liquid is obtained from this stage of treatment. It is also of note 
that the liquid may be treated a second time with the struvite-promoting 
compound(s) as described above, and as shown in Figure 1 wherein the third 
reaction tank is shown as 22. As will be appreciated by one of skill in the art, the 
necessity of this additional step will depend on the effluent being treated. 

The solids from the tanks are collected and spread to dry, as shown 
generally in Figures 1 and 2 as 24. As discussed above, as a result of treatment, 
the solids develop a hydrophobic tendency and allow the water to drain away 
naturally leaving dry solids behind. Furthermore, the solids dry very quickly as a 
result of this hydrophobicity. 

The dried solids can be used as, for example, fertilizer, it is also of 
note that the dried solids have high heating value (calorific value), equal to or 
higher than the calorific value of lignite coal. As a consequence, the solids may be 
used as a heating fuel in boilers or furnaces. It is of note that, as discussed above, 
as a result of the process, the solids dry quickly and are substantially odor-free and 
pathogen-free. 

The liquid portion is removed from the last tank, shown generally at 
26 and can be used for example, for horticultural watering, for example, crops or 
trees, or for barn washing. It is of note that following treatment by the process, the 
liquid portion is ready for immediate use and does not require further settling or 
treatment. However, depending on the effluent, in some embodiments, the liquid 
may be pumped through a filter media, for example, activated carbon, sand or a 
combination thereof in a tank. 

It is of note that in the process described above, the dosing 
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techniques used to add the reactants may include in-line Injection, spraying, 
atomizing or any other type of method used for chemical injection known in the art. 
It Is of note that the reactants may be added separately or may be mixed prior to 
injection. 

As will be appreciated, the operating configuration of the treatment 
process as shown in Figure 1 is for illustrative purposes only. It is of note that 
many modifications and variations are possible to suit site-specific requirements. 
For example, the number of tanks and the related hardware may be modified. 
Thus, the invention is not restricted to the operation shown in the figures. It is also 
of note that the treatment process can be operated without the second stage of 
treatment for producing recyclable, clear water. It Is of further note that the two 
stages can be repeated either individually or In various combinations to provide the 
desired or required final product. 

While the prefen-ed embodiments of the invention have been 
described above, it will be recognized and understood that various modifications 
may be made therein, and the appended claims are intended to cover all such 
modifications which may fall within this spirit and s&ope of the invention. 



